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73. (previously added) A point-to-multipoint optical communications system 
comprising: 

an optical line terminal (OLT); and 

a plurality of optical network units (ONUs) connected to said OLT by a passive 
optical network in which downstream data is transmitted from said OLT to said ONUs 
over said passive optical network and upstream data is transmitted from said ONUs 
to said OLT over said passive optical network; 

said OLT transmitting downstream data over said passive optical network in 
variable-length downstream packets; 
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said ONUs transmitting downstream data over said passive optical network 
within ONU-specific time slots utilizing time division multiplexing, wherein said ONU- 
specific time slots are filled with multiple variable-length upstream packets; 
said OLT includes: 

a fragment buffer for storing packet fragments that have been 
transmitted upstream from said ONUs; and 
fragment logic for: 

identifying said end-of-packet-fragment code of said 
first packet fragment; 

buffering said first packed fragment in said OLT 
fragment buffer; 

identifying said starx-of-packet-fragrnent code of said 
first packet fragment; 

reconstructing said variable-length upstream packet 
from said first and second packet fragments; 
said ONUs include: 

fragment buffers for storing packet fragments that are to be 
transmitted upstream from said ONUs; and 
fragment iogic for: 

splitting a variabie-iengih upstream packet into first 
and second packet fragments; and 

adding an end-of-packet-fragment code to said first 
packet fragment and adding a start-of-packet-fragment code 
to said second packet fragment. 
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74. (previously added) The system of claim 73 wherein said variable-length 
downstream packets are formatted according to IEEE 802.3. 

75. {previously added) The system of claim 73 wherein said variable-length 
downstream packets include Internet protocol (IP) datagrams. 

76. (previously added) The system of claim 75 wherein the lengths of said variable- 
length downstream packets include The lengths of said IP datagrams plus packet 
overhead. 

77. (previously added) The system of claim 73 wherein said variable-length upstream 
packets include Internet protocol (IP) datagrams. 

78. (previously added) The system of claim 77 wherein the lengths of said variable- 
length upstream packets include the lengths of said IP datagrams plus packet 
overhead. 

79. -(previously added) The system of claim 73 wherein: 

said variable-length downstream packets and said variable-length upstream 
packets are formatted according to IEEE 802.3; and 

said downstream data and said upstream data include Internet protocol (IP) 
datagrams. 

80. (previously added) A method for exchanging information between an optical line 
terminal (OUT) and mutliple optical network units (ONUs) in a point-to-multipoint 
passive optical network comprising: 
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transmitting downstream data from said OLT to said ONUs in variable-length 
downstream packets; 

transmitting upstream data from said ONUs to said OLT in ONU-specific time 
slots utilizing time division multiplexing to avoid transmission collisions, wherein said 
ONU-specific time slots are filled with multiple variable-length upstream packets; 

splitting a variable-length upstream packet into a first packet fragment 

and a second packet fragment; 

adding an end-of-packet-fragment code to the end of said first packet 
fragment; 

adding a start-of-packet-f ragment code to the start of said second packet 
fragment; 

transmitting said first packet fragment upstream in a first ONU- 
specific time slot; 

buffering said second packet fragment for transmission in a second 
ONU-specific time slot that is different from said first ONU-specific time 
slot; 

buffering said first packet fragment after said first packet fragment 
is received at said OLT; and 

reconstructing said variable-length upstream packet, at said OLT, 
from said first packet fragment and said second packet fragment. 

81. (previously added) The system of claim 80 wherein said variable^length 
downstream and upstream packets are formatted in accordance with IEEE 802.3 
protocol. 



H:\HeidiBAJIoplicUMD3004. 8 1 2. frm 



92 39Vd 



9Z609Z.Z0IE QP'-ll Q002/t>I/60 



ZCMMuj) NOIMia *K60Stf0l£:OIS3 • (H)£8CZZ:SINa « Ze/9-JHXd3-01dSn:HAS v [9UJLL )M6!|Aea UJaiseg] Uld 8S:9£:Z SQOZ/n/6 IV 0A3U * ZWZZ 39Vd 



" 1 1 - Set. No. 09/715,275 

82. (previously added) The method of claim 80 wherein said variable-length 
downstream and upstream packets include overhead and a payload, and wherein the 
length of each of said variable-length packets includes the length of an Internet 
protocol (IP) datagram that is included in the payload of each of said variable-length 
packets plus the packet overhead. 

83. (previously added) A poinMo-muitipoint optical communications systems comprising: 

an optical line terminal (OLT); and 

a plurality of optical network units (ONUs) connected to said OLT by a passive 
optical network in which downstream data is transmitted from said OLT to said ONUs and 
upstream data is transmitted from said ONUs to said OLT; 

said OLT including means for formatting downstream datagrams into variable-length 
downstream packets; 

each of said ONUs including: 

means for formatting upstream datagrams into variable-length 
upstream packets; and 

means for timing the transmission of said variable-length upstream 
packets to coincide with ONU-specific time slots in order to avoid collisions 
with upstream packets from other ONUs, wherein said ONU-specific time 
slots are filled with multiple variable-length upstream packets; 
said OLT includes: 

a fragment buffer for storing packet fragments that have been transmitted 
upstream from said ONUs; 
fragment logic for; 

identifying said endof-packet fragment code of said first packet 

fragment; 
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buffering said first packet fragment in said OLT fragment 

buffer; 

identifying said start-of-packet-fragment code of said second 
packet fragment; and 

reconstructing said variabie-iength upstream packet from 
said first and second packet fragments; 

said ONUs include: 

fragment buffers for storing packet fragments that are to be transmitted 
upstream from said ONUs; 
fragment logic for: 

splitting a variable-length upstream packet into first and 
second packet fragments; and 

adding an end-of-packet-fragment code to said first packet 
fragment and adding a start-of-packet-fragment code to said 
second packet fragment. 

84. (previously added) The system of claim 83 wherein said variable-length downstream 
packets are formatted according to IEEE 802.3. 

85. (previously added) The system of claim 83 wherein said downstream datagrams are 
Internet protocol (IP) datagrams. 

86. (previously added) The system of claim 85 wherein the length of said variable-length 
downstream packets include the lengths of said IP datagrams plus packet overhead. 

87. (previously added) The system of claim 83 wherein said upstream datagrams are 
Internet protocol (IP) datagrams. 
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88. (previously added) The system of claim 87 wherein the lengths of said variable-length 
upstream packets include the lengths of said IP datagrams plus packet overhead. 

89. (previously added) The system of claim 83 wherein: 

said variable-length downstream packets and said variable-length upstream packets 
are formatted according to IEEE 802.3; and 

said downstream datagrams and said upstream datagrams are Internet protocol (IP) 
datagrams. 

90. (previously added) A point-to-multipoint optical communications system comprising: 

an optical line terminal (OLT); and 

a plurality of optical network units (ONUs) connected to said OLT by a passive 
optical network in which downstream data is transmitted from said OLT to said ONUs over 
said passive optical network and upstream data is transmitted from said ONUs to said OLT 
over said passive optical network; 

said OLT transmitting downstream data over said passive optical network in 
variable-length downstream packets; 

said ONUs transmitting upstream data over said passive optical network within 
ONU-specific time slots utilizing time division multiplexing, wherein said ONU-specific time 
slots are filled with multiple variable-length upstream packets; 

said OLT including a fragment buffer for storing packet fragments that have been 
transmitted upstream from said ONUs; 
said ONUs including; 

fragment buffers for storing packet fragments that are to be 
transmitted upstream from said ONUs; 

fragment logic for splitting a variable-length upstream packet into 
first and second packet fragments, adding an end-of-packet-fragment 
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code to said first packet fragment, and adding a start-of-packet-fragment 
code to said second packet fragment; 
said OLT includes fragment logic for: 

identifying said end-of-packet-fragment code of said first packet 
fragment; 

buffering said first packet fragment in said OLT fragment buffer; 
identifying said start-of-packet-fragment code of said second packet 
fragment; and 

reconstructing said variable-length upstream packet from said first and 
second packet fragments. 

91. (previously added) The system of claim 90 wherein said variable-length downstream 
packets are formatted according to IEEE 802.3. 

92. (previously added) The system of claim 90 wherein said variable-length downstream 
packets included Internet protocol (IP) datagrams. 

93. (previously added) The system of claim 92 wherein the lengths of said variable-length 
downstream packets include the lengths of said IP datagrams plus packet overhead. 

94. (previously added) The system of claim 90 wherein said variable-length upstream 
packets are formatted according to IEEE 802.3. 

95. (previously added) The system of claim 90 wherein said variable-length upstream 
packets include Internet protocol (IP) datagrams. 
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96. (previously added) The system of claim 95 wherein the lengths of said variable-length 
upstream packets include the lengths of said IP datagrams plus packet overhead. 

97. (previously added) The system of claim 90 wherein; 

said variable-length downstream packets and said variable-length upstream packets 
are formatted according to IEEE 802.3; and 

said downstream data and said upstream data include Internet protocol (IP) 
datagrams. 

98. (previously added) A method of exchanging information between an optical line 
terminal (OLT) and multiple optical network units (ON Us) in a point-to-multipoint passive 
optical network comprising: 

transmitting downstream data from said OLT to said ONUs in variable-length 
downstream packets; 

transmitting downstream synchronization markers at constant time intervals; 

transmitting upstream data from said ONUs to said OLT in ONU-specific time slots 
utilizing time division multiplexing to avoid transmission collisions, wherein said ONU- 
specific time slots are filled with variable-length upstream packets; 

splitting a variable-length upstream packet into a first packet fragment and 

a second packet fragment; 

adding an end-of-packet-fragment code to the end of said first packet 
fragment; 

adding a start-of-packet-fragment code to the start of said second packet 
fragment; 

transmitting said first packet fragment upstream in a first ONU- 
specific to time slot; 
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buffering said second packet fragment for transmission in a second 
ONU-specific time slot that is different from said first ONU-specific time 
slot; 

buffering said first packet fragment after said first packet fragment 
is received at said OLT; and 

reconstructing said variable-length upstream packet, at said OLT, 
from said first packet fragment and said second packet fragment. 

99. (previously added) The method of claim 98 wherein said variable-length downstream 
and upstream packets are formatted in accordance with the IEEE 802.3 protocol. 

100. (previously added) The method of claim 98 wherein said variable-length downstream 
and upstream packets include packet overhead and a payload, and wherein the length of 
each of said variable-length packets includes the length of an Internet protocol (IP) 
datagram that is included in the payload of each of said variable-length packets plus the 
packet overhead, 

101 . (previously added) The method of claim 98 wherein said ONU-specific time slots are 
filled with multiple variable-length packets according to IEEE 802.3 format 

102. (previously added) A method for exchanging information between an optical line 
terminal (OLT) and multiple optical network units (ONUs) in a point-to-multipoint passive 
optical network comprising: 

transmitting downstream data from said OLT to said ONUs in variable-length 
downstream packets; 
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transmitting upstream data from said ON Us to said OLT in ONU-specific time slots 
utilizing time division multiplexing to avoid transmission collisions, wherein said ONU- 
specific time slots are filled with variable-length upstream packets; 

splitting a variable-length upstream packet into a first packet fragment 

and a second packet fragment; 

adding an end-of-packet-fragment code to the end of said first packet 
fragment; 

adding a start-of-packet-fragment code to the start of said second packet 
fragment; 

transmitting said first packet fragment upstream in a first ONU- 
specific time slot; 

buffering said second packet fragment for transmission in a second 
ONU specific time slot that is different from said first ONU-specific time 
slot; 

buffering said first packet fragment after said first packet fragment 
is received at said OLT; and 

reconstructing said variable-length upstream packet, at said OLT, 
from said first packet fragment and said second packet fragment. 

103. (previously added) The method of claim 102 wherein said variable-length downstream 
and upstream packets are formatted in accordance with the IEEE 802.3 protocol. 

1 04. (previously added) The method of claim 1 02 wherein said variable-length downstream 
and upstream packets include packet overhead and a payload, and wherein the length of 
each of said variable-length packets includes the length of an Internet protocol (IP) 
datagram that is included in the payload of each of said variable-length packets plus the 
packet overhead. 
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105. (previously added) A point-to-muitipoint optical communications system comprising: 
an optical line terminal (OLT); and 

a plurality of optical network units (ONUs) connected to said OLT by a passive 
optical network in which downstream data is transmitted from said OLT to said ONUs and 
upstream data is transmitted from said ONUs to said OLT; 

said OLT including means for formatting downstream datagrams into 
variable-length downstream packets and a fragment buffer for storing packet 
fragments that have been transmitted upstream from said ONUs; 
each of said ONUs including: 

means for formatting upstream datagrams into variable- 
length upstream packets; 

means for timing the transmission of said variable-length 
upstream packets to coincide with the ONU-specific time slots in 
order to avoid collisions with upstream packets from other ONUs; 

fragment buffers for storing packet fragments that are to be 
transmitted upstream from said ONUs; and 
fragment logic for: 

splitting a variable-length upstream packet into first 
and second packet fragments; and 

adding an end-of-packet fragment code to said first 
packet fragment and adding a start-of-packet-fragment code 
to said second packet fragment; 
said OLT including fragment logic for: 

identifying said end-of-packet-fragment code of said first 
packet fragment; 

buffering said first packet fragment In said OLT fragment 

buffer; 
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identifying said start-of-packet-fragment code of said second 
packet fragment; and 

reconstructing said variable-length upstream packet from 
said first and second packet fragments. 

1 06. (previously added) The system ofclaim 1 05 wherein said variable-length downstream 
packets are formatted according to IEEE 802.3. 

107. (previously added) The system ofclaim 105 wherein said downstream datagrams are 
Internet protocol (IP) datagrams. 

108. (previously added) The system of claim 107 wherein the lengths of said variable- 
length downstream packets include the lengths of said IP datagrams plus packet overhead. 

109. (previously added) The system ofclaim 105 wherein said variable-length upstream 
packets are formatted according to IEEE 802.3. 

110. (previously added) The system of claim 105 wherein said upstream datagrams are 
Internet protocol (IP) datagrams. 

111. (previously added) The system of claim 110 wherein the lengths of said variable- 
length upstream packets include the lengths of said IP datagrams plus packet overhead. 

1 12. (previously added) The system of claim 105 wherein: 

said variable-length downstream packets and said variable-length upstream packets 
are formatted according to IEEE 802.3; and 
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said downstream datagrams and said upstream datagrams are Internet protocol (IP) 
datagrams. 

113. (previously added) A point-to-multipoint optical communications system comprising 
and optical line terminal (OLT); and 

a plurality of optical network units (ONUs) connected to said OLT by a passive 
optical network in which downstream data is transmitted from said OLT to said ONUs over 
said passive optical network and upstream data is transmitted from said ONUs to said OLT 
over said passive optical network; 

said OLT transmitting downstream data over said passive optical network in 
variable-length downstream packets and downstream synchronization markers at constant 
time intervals; 

said ONUs transmitting upstream data over said passive optical network within 
ONU-specifictime slots utilizing time division multiplexing, wherein said ONU-specifictime 
slots are filled with multiple variable-length upstream packets, 
said OLT includes: 

a fragment buffer for storing packet fragments that have been 
transmitted upstream from said ONUs; 

fragment logic for: 

identifying said end-of-packet fragment code of 
said first packet fragment; 

buffering said first packet fragment in said OLT 
fragment buffer; 

identifying said start-of-packet-fragment code 
of said second packet fragment; 

reconstructing said yariable-length upstream 
packet from said first and second packet fragments; 
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said ONUs include: 

fragment buffers for storing packet fragments that are 
to be transmitted upstream from said ONUs; 
fragment logic for: 

splitting a variable-length upstream packet into 
first and second packet fragments; and 

adding an end~of-packet-fragment code to 
said first packet fragment and adding a start-of- 
packet fragment code to said second packet" 
fragment. 

114. (previously added) The system of claim 1 1 3 wherein said variable-length downstream 
packets are formatted according to IEEE 802.3. 

1 1 5. (previously added) The system of claim 1 1 3 wherein said variable-length downstream 
packets include Internet protocol (IP) datagrams. 

116. (previously added) The system of claim 115 wherein the lengths of said variable 
length downstream packets includes the lengths of said IP datagrams plus packet 
overhead. 

117. (previously added) The system of claim 113 wherein said variable-length upstream 
packets include Internet protocol (IP) datagrams. 

118. (previously added) The system of claim 117 wherein the lengths of said variable- 
length upstream packets include the lengths of said IP datagrams plus packet overhead. 
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119. (previously added) The system of claim 1 1 3 wherein; 

said variable-length downstream packets and said variable-length upstream packets 
are formatted according to IEEE 802.3; and 

said downstream data and said upstream data include internet protocol (IP) 
datagrams. 
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